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Statistics from Microlensing
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This work: focus on planet frequencies with
g: mass ratio
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M OA (since 1995)

(Microlensing Observations in Astrophysics)
~(New Zealaqdl*John Observatory, Latitude: 44°S, Alt:  1029m )

- Mirror: 1.8m
‘ =1CCD : 80M pix.

g FOV 22 deg.?
Filter : MOA-Red

(R +1)




Galactic Bulge Fields (~42 deg?)

7+ # of plens alerts
/< 2007: 488"
2008: 477
2009: 563
C ) - 2010: 607
Ca O en CQ | event fractlon':‘:f; 2011: 485
/night.(> "'\,up)(z% f‘ 2012: 680 _

| . 2014: 621
/47m!n.(|\/INep)(25%) 3300 events in 6 yrs
/15min. (Mg) (54%)

http://www.massey.ac.nz/moa




Event Selection

To construct a sample of well defined single and
planetary events, we reject ...

1. Non-microlensing events (CVs, moving objects, ...)
2. Stellar binaries: g > 0.03
3. Events with insufficient data points

For, planetary events

Detection : MOA survey data
Characterization : All available data

~~

Remaining events are 1316 events (from 3300 events/6yrs)

1291 single lens, 22 planetary, 3 ambiguous




22 Planetary Events

MB07192

Bennett+2008

MB10477

Bachelet+2012

OB07368/MB07308

Sumi+2010

MB11028/0B110203

Skowron+ in prep.

OB07349/MB07379

Dong in prep.

OB110265/MB11197

Skowron+ 2014

Koshimoto+2014

MB11262/0B110703

Bennett+2014

Suzuki+2014

Bond+ in prep.
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MB09319

Miyake+2011

MB12006/0B120022

MB09387

Batista+2011

OB120563/MB12288
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Koshimoto+ in prep.




New Planets in 22 Planetary Events

MOA-2010-BLG-353 MOA-2011-BLG-291

MOA-2011-BLG-291
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Planets in 2012 Season
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Planets in 2012 Season
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Planets in 2012 Season
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« MBO0789/0B07141

« OBI110950/MB11336 (High-mag)

« MBI12201/0B120501
OB110950 / MB11336
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MB0789 / OB07141: Ambiguous Event
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MB12201 / OB120501: Ambiguous Event
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Treating Ambiguous Events

1. Ay? between PL and SB model of light curve fitting
2. Prior probability of frequency for each companion
* SB: Orbaital period distribution (Raghavan et al. 2010),
Mass ratio function (Duchéne & Kraus 2013)

 PL: Our mass ratio function

# of planets
MBO0789: 0.7
MB11336: 0.9
MB12201: 0.9

log P (days) BEGEEUENEIRE =] Rp0ke)




Detection Efficiency, g(logs, logq)

MOA-2010—-BLG—-167
with _3
g=2.0x10

s=0.79

Magnification

g : mass ratio

s : separation
o : angle from the axis

Data quality
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p : finite source effect

,0:9*/ (tEurel) . . HJD - 2450000
0.. angular source star radius  Detection:

lurel:<lurel>:5'2maS/yr AX2 — X%ingle i X%inary > 100

e(logs, logg):
(Rhie+2000, Holtzman+ 1998, s .
Rattenbury+ 2007, Fraction of detections

Kervella & Fouqué 2008,) within 0 < a <2xm




Detection Efficiency on s-
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Survey Sensitivity, S(logq)
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Planet Frequency with Mass Ratio
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Cf. Sumi et al. 2010 : fo< (g/q,)0-08+0-20
Gould et al. 2010 : N=0.36+0.15 @ g = 5x10*
this work : N = 0.20£0.06 @ g = 5x10-*




Planet Frequency with g and s

dN/dloggdlogs

= A(q/q,)"(s/sp)"
so= 1.0
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-1.5 —1 -05 -1.4-1.2-1-0.8-0.6 preliminary
n log A

F= 0.10+£0.02(g/q,) " 740-10(s/s,)0-06£0.48

Cf. Cumming et al. 2008: dN = CM*P? dInMdInP, = 0.26+0.10




Detection Efficiency on #;- ¢ plane
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Planet Frequency with Event Time Scale

F = Clty/ty,)
teo = 20 days
if y > 0, planets favor

- Massive stars
- Nearby disk stars

Mass Ratio,
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Event Timescale, tE




Planet Frequency with Event Time Scale

F = Clty/ty,)
tey = 20 days
if y > 0, planets favor

- Massive stars
- Nearby disk stars
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For the planets with g > 0.001
y=0.15£0.45

For the planets with ¢ < 0.001
V= 0.15+0.30

preliminary




Summary

From MOA survey 1n 2007-2012, 1291 single lens,
22 planetary and 3 ambiguous events are used

* FF=0.12+0.03(q/q,)"- 719, ¢,= 10"
o F=0.10+0.02(q/q,) 0 744010(s/s,)0-66£048; s =10
* Uncertainty in the slope and normalization

are twice smaller than previous works’ values
o 7 oc (t/tgy); v 1s consistent with 0; 7;,=20 days

Statistical exoplanet analysis of MOA-II survey
data leads a way for the coming survey era




